Objectives: Little is known about the feasibility of smartphone-based Ecological Momentary Assessment (EMA) approaches to collect psychosocial data from older populations, especially disadvantaged older populations. In response to this gap, this report provides evidence of the feasibility and utility of a smartphone-based EMA approach for real-time assessment with older African Americans. In addition, we share lessons learned about how to improve utility. Methods: Ninety-seven older African Americans ages 55 and older (range: 55-95 years) used an Android smartphone loaded with an EMA application to provide data about their everyday activities and stress four times per day for seven consecutive days. Results: Exit interviews early in the study suggested enhancements to the EMA interface. Adherence was demonstrated with response completion rates of 92-98% on EMA measures and no participant attrition based on the EMA protocol. Discussion: Our findings suggest using a smartphone-based EMA approach for data collection is feasible and has utility with older African Americans. We most likely enhanced adherence by testing, training, monitoring, and adapting the EMA protocol using input from older adults early in the EMA design process.
Ecological Momentary Assessment (EMA) is useful for studying aspects of daily life in the contexts in which they occur. The approach allows researchers to collect participant self-report of activities, situational qualities, and subjective states in real time (Brose & Ebner-Priemer, 2015; Fahrenberg, Myrtek, Pawlik, & Perrez, 2007; Trull & Ebner-Priemer, 2009 ). Recent advances in mobile technologies have enhanced EMA methods. Smartphone-based EMA applications have expanded the possibilities for EMA studies as they now combine real-time instrument-based data collection with newer features, including recording audio files, taking photographs, using Global Positioning Systems (GPS) location capture, or connecting to mobile health sensors (e.g., https://ihealthlabs.com/). Such features have contributed to the proliferative use of technology-based EMA to study a wide range of phenomena among youth and adult populations (e.g., mobility patterns, health monitoring, psychosocial triggers; Kuntsche & Labhart, 2013 ) and even to deliver "Just-In-Time Adaptive Interventions" (see Nahum-Shani, Heckler, & Spruijt-Metz, 2015) .
Earlier EMA studies among older adult populations utilized paper/pencil diaries that participants completed during a specified time period (Cain, Depp, & Jeste, 2009 ). Use of technology within those studies was limited to an electronic pager/beeper to alert participants about when to complete the paper/pencil survey (e.g., Focht, Ewing, Gauvin, & Rejeski, 2002; Klumb, 2001) . However, more older adults are using mobile technologies. Smartphone ownership among seniors increased from 18% in 2014 to 27% in 2015 (Pew Research Center, 2015 . Therefore, smartphone-based EMA, with the potential for better adherence to protocols, avoidance of memory issues, and increased ease of implementation, may also be feasible among older adults (Rullier et al., 2014) . With the exception of the recent work by Ramsey, Loebach Wetherell, Depp, Dixon, & Lenze (2016) , however, scant scientific literature exists to guide the design and implementation of smartphone-based EMA approaches among older adults (e.g., optimizing user options, adherence, or how to best implement EMA protocols and adapt electronic methods for older adults; Cain et al., 2009) . Ramsey et al. (2016) concluded that a smartphone-based EMA protocol was acceptable and feasible among older adults with cognitive and emotional difficulties, but the sample was largely European American and was highly educated.
However, ownership and familiarity with smartphones among racial minorities and those in the lower income brackets or with less formal education remains lower (Gordon & Hornbrook, 2016) . Smartphone-based EMA approaches with disadvantaged populations may be more challenging because of trust (privacy) concerns and limited proficiency with the technology (Sugie, 2016) . African Americans may be more reluctant to engage in EMA data collection because they may perceive it as a form of realtime surveillance (Harris, Henderson, & Williams, 2005; Jones, Zenk, McDonald, & Corte, 2016) . There continue to be questions not only about older adults' use of smartphone-based EMA protocols but also regarding the feasibility and utility of such approaches with older African Americans.
We recently completed a pilot study employing a smartphone-based EMA approach as part of a larger multiple methods study with a sample of older African Americans living in Detroit, Michigan. The purpose of the study was to examine the relationships among daily activities, neighborhood environmental stressors, and associated stress responses. Many Detroit neighborhoods and communities have undergone disinvestment and related sociodemographic shifts (e.g., loss of employment and residential instability) for decades. Because of such adversity, there were good reasons to expect that many neighborhoods would present increased social and environmental stressors to residents (Berkman & Kawachi, 2000; Kawachi & Berkman, 2003; Schulz et al., 2012) . In combination with the vulnerabilities of aging, such neighborhood conditions placed older African Americans at-risk for a type of double jeopardy: more exposure to stressors and fewer resources to respond to those stressors. Attention to older adults, especially older minorities, is missing in the research literature on neighborhood conditions, stress, and health.
An additional gap is the role everyday activities (e.g., shopping, going to church, or visiting with friends) may play in stressor exposure and the stress response. Although an emergent research area, studies suggest that daily activities may increase or decrease exposure to various stressors in the urban environment (Tuttle, Meng, Moya, & Johns, 2012) , and that they can exacerbate or mitigate stress responses independent of stressor exposure (McHale et al., 2012) . Older adults may constrict daily activities and social participation in response to their neighborhood conditions (Fritz & Cutchin, in press ). We selected a smartphonebased EMA approach primarily to allow us to collect data on activities throughout the day while avoiding the pitfalls of recall-based daily diaries. In addition, this approach enabled us to associate real-time dimensions and patterns of daily activities with neighborhood stressors and with physiological and psychological stress responses in our sample. In this report, we do not focus on the relationship of activity data to stressors or stress; instead we focus on the methodological unknowns noted previously regarding smartphone-based EMA.
Because there was little scientific literature about how to successfully design and implement a smartphone-based EMA study with older African Americans, a secondary research aim was to critically investigate the feasibility and utility of the EMA approach as a data collection modality. We present and describe the smartphone-based EMA methodology that was developed and implemented as part of the study, including examples of the EMA interface, training protocol, and data collected. In doing so, we provide evidence of the feasibility and utility of mobile technologies for real-time assessment with older African Americans, while also detailing challenges faced and lessons learned about how to improve utility.
Methods

Participants and Recruitment
The university's Institutional Review Board approved all study procedures. From October 2014 through September 2015, we recruited 100 participants who met the inclusion criteria of self-identifying as African American, being aged 55 years or older, living within the city of Detroit, and being able to participate in daily activities in the neighborhood environment without physical assistance from another person. We initially recruited participants using a stratified random sampling approach from a volunteer registry of ~1400 African American individuals willing to participate in research of interest to them (Chadiha, Washington, Lichtenberg, Green, Daniels, & Jackson, 2011) . Five strata of census tract adversity were composed by a K-means clustering technique using available social and built environment data from and 2010 (Data Driven Detroit, 2009 U.S. Census Bureau, 2010) . The goal was to generate variation in the sample across the strata and to approximate the distribution of the city's population across those strata. We employed an older African American female with connections to the university and the local community and with previous recruitment experience to initiate contact with randomly selected potential participants and to screen them for study eligibility.
To test the ability to recruit using different methods, we also used snowball sampling in the latter phases of recruitment. Potential participants who expressed interest in the study received a follow-up phone call from the project coordinator and were further screened for eligibility. If eligible, the project coordinator made an appointment for researchers to meet with the potential participant in their home. During the appointment, trained research assistants (RAs) reviewed the study consent forms with potential participants, clarified meaning if needed, and obtained informed consent. One hundred participants were enrolled from 74 different census tracts from across the city, 69 by random selection and 31 by snowball methods. Following enrollment, three participants withdrew from the study and were dropped from the sample. Table 1 presents the characteristics of the overall sample and by sampling selection method. The mean age of participants was 69.6 (range: 55-95) years. Overall, 78.4% of participants were female, 21.7% reported being married, in a relationship or cohabitating, 92.8% resided in their own home or apartment, 59.4% reported living alone, 81.2% had more than a high school education, 91.3% reported not currently working, and 31% reported an income level <$20,000. Compared to the U. S. Census population estimate of 2013 (U.S. Census Bureau, 2013), the sample was slightly more skewed toward the 2 nd best group of census tracts (44.3% vs. actual population 32%) and slightly less representative of the 3 rd best census tract group (19.6% vs. 27% actual) but overall, the sample was reflective of the city population distribution. Our analyses showed that the random and snowball selection groups had equivalent sex, relationship status, residence, education, employment, income, and geographic characteristics. Participants selected through snowball sampling were more likely to report living alone compared to those selected randomly (p = .012).
EMA Protocol and Training
The smartphone-based EMA protocol was part of a multiple methods approach that included asking all participants to respond to questions/items on psychosocial instruments and to provide saliva samples four times per day for seven consecutive days (to examine cortisol levels). A subsample of participants was also given the opportunity to participate in two optional activities. Fifty participants provided a hair sample for additional analysis of cortisol levels. Twenty participants used the smartphone to take photographs of things in their neighborhood that they considered stress inducing or that were indicative of something stressful about their neighborhood. Participants who took photographs took part in an in-depth one-on-one photo-elicitation interview to further discuss their photographs. We do not report on the data from other methods used in the study in order to provide adequate focus on the EMA protocol.
Participants were asked to use EMA software on the smartphone to provide data about their everyday activities and stress for seven consecutive days. We loaned participants a Samsung Galaxy S4 Android smartphone loaded with movisensXS, an EMA application (movisensXS GmbH, version 0.7.4162), during the data collection period. We selected movisensXS because it allows researchers to design the EMA interface to suit the needs of their study and because the EMA interface used a simple visual layout with large, contrasting text and background colors, and easy to see navigation buttons ( Figure 1 ). We designed questions to be presented one at a time on the phone to reduce the need to scroll up or down. We provided styli to participants to aid in entering data on the phone keypad.
The EMA application was designed to sound an alarm four times per day (9 a.m., 1 p.m., 5 p.m., and 9 p.m.) to alert participants that it was time to complete the EMA question sets. The initial design also included an "idle alarm" that would sound if a participant initiated the EMA questions but did not complete them within 2 min after opening the application. We also included a "delay" alarm, which allowed participants to delay answering the questions for a predetermined amount of time (10, 20, or 30 min). We included this option because we anticipated that sometimes an alarm would sound when a participant was unable to answer the questions (e.g., while conducting a transaction in a store), but we did not want them to forget to complete the questions.
We advised participants of the alarm schedule in advance and instructed them to respond to alarms by accessing the application on the smartphone and answering questions about what they were doing, who they were with, level of perceived stress, and reasons for stress. Conditional branching added three other responses under particular response circumstances. Participants recorded GPS coordinates, responding to a prompt by pushing a button that triggered the smartphone's internal GPS logging function. With the exception of the 9 a.m. alarm, participants were then immediately asked corresponding questions (plus conditional branching) about what they had been doing two hr prior to the alarm (covering the 11 a.m., 3 p.m., and 7 p.m. time periods). The combination of the current time questions and "two hours prior" questions allowed us to collect the same information about seven equally spaced points across the day. Table 2 shows the questions and response options.
We anticipated that our sample would have varying levels of exposure to smartphones. To maximize data quality and adherence, we developed an in-depth, four-step participant training protocol.
Step one of the protocol included instruction on the basics of using the smartphone. A trained RA provided a verbal overview and demonstration of the phone's basic functionality pertinent to the protocol. Participants were asked not to use the telephone for texting or personal use. However, participants were instructed on how to complete a phone call in case of an emergency and how to receive and answer incoming calls from the research team.
In step two, the RA instructed participants on the specific use of the movisensXS application. The RA first provided a verbal overview of the application and then demonstrated how to access the application and complete the questions on the smartphone. During step three, the RA observed as the participant demonstrated her or his ability to access the application independently in response to the alarm and complete each set of questions. In step four, the RA provided additional instruction as needed as well as large print handouts about the protocol to refer to during the data collection period.
Data Monitoring and Follow Up
Before concluding the EMA training session, participants were instructed that the day of the home training visit was their practice day and that "real" data collection would begin the following day. The movisensXS application provides data collection monitoring in real-time through a web-based interface, which made it easier to identify if participants were having difficulties adhering to the data collection protocol. We encouraged participants to complete the EMA forms for any alarms that they received during the practice day, which would allow the RA to monitor their progress and determine if further contact or training was needed. Each participant was assigned an RA who was responsible for monitoring the real-time data collection The RA was instructed to contact the participant if problems occurred, and conduct additional troubleshooting and training over the phone, or if needed, at the participant's home.
Results
Feedback and Changes Made to the EMA Interface
Over the course of the study, we interviewed 20 participants about the EMA component of the study to better understand their user experience. The average age of the interview sample was 72 years old and 16 of the participants were female. Eighteen participants owned a cellular phone and seven of those owned a smartphone. Twelve participants had some college education or technical school, and of the 17 participants who provided data about household income, 13 reported an income between $10K and 39K per year. During the interview, participants were asked to discuss whether or not they had experienced any difficulties completing any item of the study protocol (e.g., daily saliva collection, pencil/paper measures, or EMA) and if so, to elaborate on any issues they had. Follow-up prompts included questions about the adequacy of participant training, follow-up communication with study staff, and solicited suggestions for improving the EMA interface or protocol. Five participants were interviewed within the initial two months of recruitment to ensure that feedback could be incorporated early to improve the experience for subsequent participants. We conducted 15 additional interviews after incorporating the changes suggested by the initial five interviewees to assess if further changes were needed. No new suggestions were elicited from these subsequent interviews. Because of when we made our changes to the EMA interface, the initial 5 participants experienced a slightly different EMA user interface than the rest of the sample. However, the EMA questions remained the same throughout the study.
Participants overwhelmingly reported that they were pleased with the opportunity to provide feedback about the EMA interface and user options. Some participants even noted that they enjoyed the novelty of being involved in this type of research. As an example, Tamara (all participant names used are pseudonyms) stated, "It was very nice, and it was something that I experienced that I never had done before. And it gave me something to do and to look forward to doing." Carla, who owned a "flip" style cellular phone shared a more mixed view about using the smartphone EMA protocol, saying: Three participants, however, expressed that having to learn to use the phone and/or carry the phone with them all day was inconvenient or stressful. Valerie said:
You have to take that phone with you everywhere you go. And that's what actually was the difficult part because there were places where I was at that I couldn't answer it at the time. Just that you want to cut it off, then it keeps coming on. That got on my nerves a little bit.
Along with sharing their overall perspectives about participating in the study, interviewees also shared critiques of the EMA interface and suggested modifications to improve the EMA. For example, participants specifically expressed frustration about the complex arrangement of alarms at each data collection occasion because it made it difficult to know if they had progressed through the question sets correctly or not. Based on participant feedback, we reduced the number of data collection alarms that sounded at each data collection occasion (9 a.m., 1p.m., 5 p.m., and 9 p.m.) from four to one. Table 3 presents a summary of the key changes made to the EMA interface based on participants' feedback and suggestions.
Adherence to the Data Collection Protocol
For the four variables that were consistent across the seven observations each day, respondents did not enter data 7.1%, 1.6%, 7.8%, and 3.5% of the time for the primary activity they were doing, who they were with, their current stress level, and their reason for experiencing stress (respectively). We conducted a more detailed examination of the correlates of missingness by aggregating the number of non-responses at the individual level and modeling the calculated count of missing responses on each outcome over the study's examination period (range 0-49; 7 measures per day × 7 days) as a function of a set of covariates that included age, sex, relationship status, residence, number of people in residence, education, employment status, income, and geographic stratum. Overall, the results (available from authors) showed no consistent sources of bias in the estimated counts, suggesting that missingness, when it occurred, was likely random rather than due to specific participant characteristics. The geographic location capture worked only 67% of the time because of a lag in GPS coordinate capture before participants pressed the response button. Unfortunately, this problem was not discovered until after data collection was completed. Nonetheless, a high level of adherence and correspondingly low level of missingness across all but the location variable suggest feasibility of this approach with other older populations. In addition, we tracked attrition from the study and reasons for attrition. Six participants were not retained in the study for the full seven days (range from 1 to 4 days). In followup interviews, the EMA protocol was not specifically cited as the reason for terminating participation; however, it may have been a factor for some of the drop-outs.
Responses to EMA Questions
Rather than constrain participants to a predetermined activity checklist, we allowed participants to describe what they were doing in their own words. Participants' descriptions of their activities were brief, ranging in length from a word or two to one sentence. We utilized the International Classification of Functioning, Disability and Health (ICF) to code activity responses into categories because it is a widely used framework that contains broadly ranging and highly detailed descriptions of activities clustered at the highest level into 9 distinct classes or "chapters" (World Health Organization, 2001) . We coded participants' responses using the most fine-grained coding provided in the ICF, but we only report here the frequencies of responses in the most general (9) classifications. A trained RA completed coding Participants disliked the multiple response options and felt that this contributed to confusion over whether or not they had fully completed all of the EMA questions.
Two response options given: Completing the EMA questions at the time of the alarm or use 'manual entry' option which allowed completion of the questions within a certain timeframe (within 60 minutes of the alarm). Idle alarm. If participants failed to complete the EMA questions within a 2 minute period, an additional alarm would sound to remind them to complete the question set.
This alarm was "stressful" and not needed. Once started, participants preferred to complete the questions without time pressure.
Idle alarm was removed.
Multiple EMA question sets at each alarm. Questions re current time and 2-hours prior were presented one immediately after the other.
The two consecutive question sets could be confusing because the questions were very similar.
Second question set was indicated by "TWO HOURS PRIOR."
Feedback to users. No cue was included to indicate to participants that they had successfully completed all of the EMA questions.
Participants were uncertain at times if they had completed the question sets correctly.
A smiley face icon with the words "Thank You" was added at the end of the question set to indicate that the participant had successfully completed all questions. Data entry using text. Some items asked users to type free-text responses to questions.
Issues such as arthritis in the hands, long nails, and poor dexterity made it difficult for participants to type responses on the smartphone.
Participants were trained on using the voice-to-text option, which was overwhelmingly preferred over typing. Participants who opted to type in entries were offered a stylus to aid typing. User identification of app. The user needed to start the application to enter data. Some participants had difficulty remembering which icon was the one to touch to begin the app.
All unnecessary applications were deleted from the phones and those that could not be deleted were removed from the home screen. with review and discussion with the first two authors, and the RA recoded problematic observations after consensus was reached. Table 4 provides ICF definitions for these activity classifications.
In Table 5 , we present descriptive statistics to summarize the patterns of responses to the four EMA questions that were asked seven times a day. First, our analyses indicate that slightly more than 75% of respondent-reported activities, overall, were dedicated to self-care (22.4%), learning and applying knowledge (22.0%), domestic life (18.3%), and mobility (12.6%) activities. The average prevalence (using the Center for Disease Control and Prevention's definition of prevalence as percentage "of persons in a population who have a particular . . . attribute at a specified point in time or over a specified period of time" [http://www.cdc. gov/ophss/csels/dsepd/ss1978/lesson3/section2.html]) of these reported activities varied throughout the day and the rate of change was dependent on activity type (e.g., linear increase in learning and applying knowledge vs. linear decrease in mobility).
Second, slightly over half of participants' responses were registered when they were alone (53.4%), and close to a third (29%) were done in the presence of friends (8.5%), spouses or partners (8.4%), children (7.3%), or grandchildren (4.5%). Not surprisingly, we also found variations in these reported prevalence rates throughout the day; specifically, a u-shaped change in the prevalence of responses when alone and an inverted u-shape in the prevalence of responses when accompanied by friends. Third, the overall average reported level of stress (based on our continuous stress scale; r = 0-100) was relatively low (mean = 20.1; 95% confidence interval [CI] [17.2-18.5]), and reported averages showed a linear decrease in stress level throughout the day with the highest stress levels registering at 9:00 a.m. (20.8; ) and the lowest levels at 9:00 p.m. (14.4; ). Finally, although slightly more than three-fourths of the time when queried (76.1%) respondents reported not being stressed, the three highest reported causes of stress were feeling rushed (5.1%), facing difficulties while doing a task (3.5%), and being in the company of people that made the participants feel stressed (2.5%). A detailed descriptive examination (available from authors) of the daily time data for the previously described outcomes showed patterns that qualitatively mirrored the weekly averages reported previously.
Discussion and Conclusions
Recently conducted studies provide support for the notion that older adults are willing to adopt novel technologies, and when adequately trained, are able to do so successfully (Preusse, Mitzner, Fausset, & Rogers, 2016) . In this report, we provide a description and data about using a technology-based EMA approach to data collection with a sample of older adults. Our data suggest that such an approach is feasible and acceptable among the large majority of a sample of older African Americans. However, we learned lessons that could be valuable to other researchers. For example, the need to allow for the lag in GPS logging function in smartphones and more careful real-time Even though adherence to the protocol was high and data missingness low, it could have been better. Because of our ethical obligation to participants, we deliberately designed the EMA protocol to allow participant autonomy in responding to items if in an uncomfortable situation or feeling disinclined to respond. Although we designed the EMA protocol to be user-friendly for older adults, participant feedback suggested several ways that our initial design was insufficient to meet participants' needs. At the same time, we discovered the benefit of involving older adult users early in the process of designing a technology-based EMA interface.
Despite the success of our data collection protocol, we acknowledge that our sample was drawn from a registry of individuals who were more likely to agree to participate in research and, therefore, potentially more motivated to fully adhere to data collection protocols. A sample of older African Americans recruited from a different context might yield different results. In addition, though the majority of our participants reported having little or no experience with using smartphones, we did not measure familiarity with, or attitudes toward, mobile technology or EMA in a standardized way; nor did we include post measures to elicit all participants' perspectives on the ease of using the smartphone-based EMA interface. Therefore, it is impossible to know how familiar the sample was with the type of mobile technology utilized in the study. These are potentially important issues because attitudes, comfort, efficacy, and familiarity have been associated with technology use by older adults (Umemuro, 2004; Tacken, Marcellini, Mollenkopf, Ruoppila, & Széman, 2005) . Finally, we did not control or test for random responding or assess the data for patterns of intraindividual variability that might indicate levels of error in the data.
We acknowledge that our EMA protocol, as with any form of instrumentation, may have yielded data with an error component. Yet the patterns of response indicate utility of the method to collect data with samples of older African Americans. Although slightly less variable than might be expected, the average daily pattern of stress reports is similar to the diurnal cortisol curve found in this and other samples (Joseph & Golden, 2016; O'Donnell, Badrick, Kumari & Steptoe, 2008) , with highest levels of stress early in the day and lower late in the day. The relatively low stress levels reported in real time with the EMA protocol also mirror findings from a working adult sample who reported a median stress level of 1.9 on a 5 point scale (5 indicating extremely stressed and 1 indicating no stress) using text messaging across the day (Gidlow, Randall, Gillman, Silk, & Jones, 2016) . One possible conclusion is that EMA self-report of stress in real time is less sensitive than stress measurement obtained with objective physiological measures. We hypothesize that personal appraisal of in-the-moment stress levels is difficult and perhaps less reliable than biomarkers such as cortisol, for example. This insight, however, does not mean that EMA protocols are not advantageous for many other types of psychosocial data collection.
The patterns of being alone or with others are as expected, with being alone more common early and late in the day. Activity patterns also conform to norms. For example, selfcare is weighted toward early in the day while learning and applying knowledge-which includes reading and watching television-occur more frequently late in the day. Also in line with existing research (Bellettiere et al., 2015) , our sample indicated fewer mobility-related activities late in the day as participants most likely settled into a more sedentary part of their routines. We note that some ICF classifications were very infrequently reported, for instance, interpersonal interactions and relationships. It is possible that participants did not view such interactions as activities and under-reported them. At the same time, our analysis only included primary activities and could have reduced the count of interpersonal activity by using only primary activities.
Our study has shown that EMA approaches with older adults can be both challenging and successful in collecting real-time data across the day over periods of days. Certain techniques in design and implementation can help with the quality of data collection and adherence to protocol. By testing, training, monitoring, and adapting the EMA protocol using input from older adults, we most likely improved adherence. We suggest this is significant because EMA approaches to data collection in gerontology can help fill gaps in more comprehensive, biopsychosocial studies of aging. In particular, the processes of daily living-including activities and emotional responses along with temporal and spatial dimensions of daily life for older adults-can be accessed using EMA protocols. These are early days in developing such approaches on networked devices, but our experience suggests that smartphone-based EMA research is worth pursuing in social and health gerontology.
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